History and Physical Examination
A 50-year-old woman presented with a 7-month history of spontaneous onset of pain in her right knee. She complained of joint-line pain without instability that often radiated from medial to lateral and had become increasingly constant. On examination her knee was tender over only the medial joint line and she had a positive medial McMurray test. She had no signs of instability of the cruciate or collateral ligaments. There was no lymphadenopathy. She reported experiencing several falls during the past year, aggravating her pain. She had no significant medical history and denied tobacco use.
Her chest radiograph was unremarkable, and comprehensive metabolic panel, serum and urine protein electrophoresis, c-reactive protein (CRP), and erythrocyte sedimentation rate (ESR) were within normal limits.
She was referred to our institution after imaging studies were performed for suspicion of a medial meniscus tear (Fig. 1, Fig. 2, Fig. 3 ).
Based on the history, physical examination, laboratory studies, and imaging studies, what is the differential diagnosis?
Imaging Interpretation
Initial AP and lateral radiographs were interpreted as normal. The oblique radiograph of her distal femur showed a subtle lucency with a sclerotic-appearing border involving the lateral femoral condyle measuring approximately 7 9 3 cm (Fig. 1) . MR images confirmed a tear of the posterior horn of the medial meniscus. An incidental marrow signal abnormality was present in the lateral femoral condyle. On T1-weighted sequences the lesion was primarily hypointense compared with the surrounding marrow and approximately 7 cm in greatest length involving the lateral portion of the distal femur. T2-weighted fat saturated sequences showed a multilobulated mildly heterogeneous but primarily hyperintense lesion compared with the surrounding marrow that did not involve the subchondral bone or show cortical expansion (Fig. 2) . A triple-phase Tc-99 bone scan revealed increased activity in the lateral distal right femur and medial aspect of the proximal right tibia on the delayed static images (Fig. 3) .
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Differential Diagnosis
Metastatic carcinoma Plasmacytoma/multiple myeloma Leukemia/lymphoma Langerhans cell histiocytosis (LCH) Erdheim-Chester disease (ECD) Rosai-Dorfman disease (RDD) Osteomyelitis
Open biopsy of the lateral femoral condyle was performed (Fig. 4) .
Based on the history, physical examination, laboratory studies, imaging studies, and histologic picture, what is the diagnosis and how should the patient be treated?
Histology Interpretation
Microscopic examination under low power revealed a background of infiltrative mixed chronic inflammatory processes that destroyed the bone. The cells included histiocytes, plasma cells, and small lymphocytes (Fig. 5A ). The large histiocytes had ample pale cytoplasm and some contained evidence of phagocytosis of lymphocytes and plasma cells (emperipolesis) (Fig. 5A ). Immunohistochemical staining revealed proliferation of S-100, CD68, and CD163-positive histiocytes that were negative for CD1a expression (Fig. 5B-D) . CD138-positive immunostaining confirmed numerous plasma cells, and kappa and lambda chain studies showed the plasma cells were polyclonal. Lymphocytes stained strongly for CD3 and weakly for CD20 and CD79A without expression of CD5 and CD43.
Diagnosis
Primary Rosai-Dorfman disease of bone (RDD)
Discussion and Treatment
Diagnosis was made by histology and confirmed with immunostaining. Emperipolesis (histiocytic phagocytosis), best seen with a touch preparation of bone, was identified with routine hematoxylin and eosin staining. Proliferation of S-100, CD68, and CD163-positive histiocytes and negative CD1a expression confirmed the diagnosis (Fig. 5) .
Microscopic evaluation was inconsistent with metastasis. The patient's normal urine and serum protein electrophoresis and CD138 immunostaining showed polyclonal plasma cells, which excluded plasmacytoma/ myeloma. A mixed population of T and B lymphocytes and immunostaining excluded a chronic lymphocytic leukemia/ small lymphocytic lymphoma. Immunostaining ruled out Langerhans cell histiocytosis (CD1A positive) and Erdheim-Chester disease (CD1a and S-100 negative) [1, 2, 6, 7, 9] . Infection was ruled out by normal serum testing, MRI showing no reactive edema or discrete fluid collection, and negative cultures.
RDD (sinus histiocytosis with massive lymphadenopathy) is a nonneoplastic condition of the lymph nodes in association with systemic inflammation [11] , however, cases of primary osseous lesions have been reported [2] . Foucar et al. reviewed the extranodal manifestations of RDD [3] . Thirty-three of 423 patients had osseous involvement and nine had no associated lymphadenopathy [3] . Approximately 8% of extranodal cases involve bone with less than 1% having isolated osseous involvement [3] . Bone lesions may be seen anywhere, but the skull, femur, and tibia are the most commonly involved [2, 3, 9, 10]. The mean age of patients at onset is between 20 to 28 years [2, 3] .
Patients typically present with unimproved pain after antecedent injury, but RDD may be found incidentally [1, 6, 7, 9] . Palpable pain and notable swelling are often apparent [2] . Lesions presenting in the axial skeleton might produce neurologic symptoms, whereas skull involvement might initially present with headache, neck pain, and seizure [2] . Radiographs commonly show a lytic medullary lesion, but a sclerotic border is not uncommon [1, 2, 6, 7, 9] . To our knowledge, all reported patients for whom a bone scan was reported showed increased uptake [6, 9] . Computerized tomography or MRI might help with evaluation of the extent of the lesion [6, 9] .
RDD might be confused histologically with granulomatous disease or osteomyelitis [2] . Emperipolesis and S-100-positive histiocytes distinguish RDD from other mixed chronic inflammatory diseases [2, 4] . An adequate tissue sample might obviate a diagnostic delay or misdiagnosis [1, 2, 6, 7, 9] .
The pathogenesis of RDD is unknown. Infection, genetic associations, and immune-mediated processes have been postulated, but not substantiated [7] [8] [9] 12] . Others have suggested including RDD in the histiocytic spectrum of disorders (eg, LCH, ECD) because the disease findings are similar and variations in locations might help to explain the type of histiocytes involved [3, 6, 7] . Some studies support malignancy, infection, storage diseases, and histiocytic disorders in the initial differential diagnosis [1, 2, 6, 7, 9] .
The disease course is unpredictable [2, 3] and no standard treatment approach has been established. Studies that have focused on the skeletal manifestations have documented high success rates with surgical resection or curettage [2, 10] . Demicco et al. reviewed 17 patients with primary bone disease who were treated surgically (eight with curettage, eight with resection, one with radiation then resection), with 11 patients having no evidence of disease (longest followup, 108 months) [2] . Pulsoni et al. reported success with surgical treatment in eight of nine patients [10] . An anecdotal report of extraosseous RDD remission with low-dose oral corticosteroid treatment exists [8] , but to our knowledge, no available information pertains to primary osseous disease. Radiation therapy has proven less successful [7, 10] . Pulsoni et al. reported only three of nine patients treated with radiotherapy had resolution of their disease [10] . Furthermore, they suggested chemotherapy was ineffective [10] . Spontaneous regression also has been reported by Demicco et al. [2] and Pulsoni et al. [10] , however, prognostic indicators that differentiate lesions that need to be treated from those that should be observed are not known. The development of subsequent osseous lesions, recurrence, lymph node involvement, and external manifestations such as testicular involvement have been documented [2] and therefore, continued followup is important. Demicco et al. reported 21 of 32 (66%) patients had stable or no evidence of disease at followup and 11 of 32 (34%) had new or recurrent lesions develop [2] . Surveillance with imaging Fig. 3 The Tc-99 bone scan shows increased uptake of the lateral right distal femur. or routine physical examination might help to identify future relapsing disease.
Consideration was given to an image-guided needle biopsy, but because of the broad differential diagnosis, we believed an open biopsy would improve the diagnostic yield. Treatment was discussed with the patient and she elected to undergo curettage and cementation owing to the advantages of immediate full weightbearing, reduced risk of postoperative fracture, and early identification of recurrence. An arthroscopic partial meniscectomy was performed secondary to persistent joint pain. The patient was asymptomatic 22 months after her initial biopsy. 
